Early Paleozoic amphibolite-to granulite-facies metamorphism, crustal anatexis and coeval magmatism are extensively developed in the Wuyi-Yunkai intraplate orogen in the South China block. However, the exact timing of granulite-facies partial melting and its link with orogenesis have not been well constrained. In this study, the charnockites, gneissic migmatites and Al-rich gneisses (Grt-Sil-Bt gneiss and Bt-Pl gneiss) from the Gaozhou Complex of the Yunkai uplift in the Cathaysia block were selected for the analysis of whole-rock major elements and zircon U-Pb dating, trace elements and Lu-Hf isotopes. The Gaozhou Complex experienced early Paleozoic regional high-temperature (up to 850°C), low-to medium-pressure (4-7 kbar) metamorphism accompanied by crustal anatexis. The melts were produced through the dehydration of mica, such as biotite + quartz + plagioclase = orthopyroxene + K-feldspar + melt and biotite + quartz + plagioclase + sillimanite = garnet + K-feldspar + melt in the charnockites, and muscovite + quartz + plagioclase = sillimanite + K-feldspar + melt in the Grt-Sil-Bt gneisses. The charnockites, gneissic migmatites and gneisses are felsic with SiO 2 > 64% and peraluminous with A/CNK > 1.0, reflecting protoliths with affinities to sedimentary rocks. Zircons from these rocks partly show clear core-rim structure and yield concordant ages mainly around 440-425 Ma, with minor groups at 2.8-2.4 Ga, 1.5-1.25 Ga, 1.2-0.9 Ga, 850-540 Ma and 460-450 Ma. The 440-425 Ma grains are euhedral, oscillatorily-zoned and have steep slopes from the LREE to the HREE with a positive Ce anomaly and clear negative Eu anomaly, suggesting they (re-) crystallized in the melts. These early Paleozoic zircons have negative ε Hf (t) (−34.1 to −1.5) and much older T CRUST (3.6-1.5 Ga), demonstrating they were formed by re-melting of old crustal materials (>1.5 Ga). The zircons with ages of 2.8-2.4 Ga, 1.6-1.2 Ga and 1.2-0.9 Ga have relatively high ε Hf (t) values (up to +10.2-+15.2). The 850-540 Ma zircons show variable ε Hf (t) values of +9.0 to −24.0 with T DM (depleted mantle Hf model ages) = 2.2-1.0 Ga and T CRUST (crustal Hf model ages) = 3.1-1.1 Ga. Combined with the published data, we suggest that the Cathaysia block contains Archean materials as old as 3.6 Ga and has had a complex evolution, including the addition of juvenile materials at ca 2.7 Ga, 1.6-1.2 Ga and 1.2-0.9 Ga. Reworking of old crustal components dominated at ca 850-750 Ma, 750-540 Ma, 460-450 Ma and more intensively at ca 440-425 Ma. Synthesizing the obtained results, we argue that the Yunkai charnockites, gneissic migmatites and Bt-Pl gneisses were formed due to the early Paleozoic high-T crustal anatexis, which may have been triggered by crustal shortening and thickening during the intraplate Wuyi-Yunkai orogeny in the South China block.
Introduction
Crustal differentiation is mainly achieved through partial melting and segregation of felsic melt from more mafic residue (Brown and Rushmer, 2006; Hawkesworth and Kemp, 2006; Kemp et al., 2007) . In continental collision belts, regional high-grade metamorphism accompanied by crustal anatexis has long been of interest to petrologists (e.g. Brown, 1994; Sawyer, 1998) . Crustal anatexis, represented by the presence of granitic melts or formation of migmatites, is common and plays an important role in regulating the tectonic evolution of large-scale orogenic belts (Beaumont et al., 2001; Brown, 2007; Grujic et al., 2002; Hollister, 1993; Zeitler et al., 1993) . To understand the thermal and mechanical significance of crustal melting in orogens, it is crucial to determine the timing of magmatic and metamorphic events associated with the tectonic evolution of orogenic crust (Whitney et al., 2003) . However, it is difficult to constrain the exact geochronology of crustal anatexis, partly because of the high temperature and multiple episodes of metamorphism (Foster et al., 2001) . In-situ U-Pb dating of zircon, combined with analysis of Hf isotopes, has been developed not only to trace rock origins and the evolution of crust and mantle (Amelin et al., 2000; Griffin et al., 2000 Griffin et al., , 2002 , but also to reveal the processes involved in the generation of crustal partial melts (Flowerdew et al., 2006) .
The early Paleozoic Wuyi-Yunkai orogen covers the southeastern half of the South China block (Fig. 1) . It is considered to be one of the few examples of an intraplate orogen in the world (Z.X. Li, 1998; and is a key to understanding the formation and evolution of East Asia, the process of intraplate orogenesis and global early Paleozoic geodynamics . Granitoids and high grade metamorphic rocks occur widely in the Wuyi-Yunkai orogen (e.g. Wang et al., 2011; Y.J. Wang et al., 2013; Yu et al., 2009) . The Gaozhou Complex in the Yunkai uplift ( Fig. 1) is mainly composed of high-grade metamorphic rocks (Wan et al., 2010 and references therein). It underwent extensive high-T, low-to medium-P amphibolite-to granulites-facies metamorphism and crustal anatexis in early Paleozoic time (Chen et al., 2012) . This provides an opportunity to probe the relationships between regional metamorphism, anatexis and intraplate orogeny. However, little evidence of crustal anatexis, in terms of petrographic features and melt-producing reactions, has been recognized in the Yunkai orogenic belt. Especially, the timing of crustal melting and the constraints on the intraplate orogenesis are still uncertain (Wang et al., , 2011 .
Following detailed petrographic observations, here we present the whole-rock chemistry, and the U-Pb ages, trace-element and Hf-isotope compositions of zircon from the charnockites, gneissic migmatites and Al-rich gneisses in the Gaozhou Complex of the Yunkai orogenic belt in the South China block. Our aims are: 1) to illustrate the nature and source of the protoliths of the Gaozhou Complex; 2) to recognize the possible melt-producing reactions and the exact timing of crustal anatexis in the Yunkai uplift and 3) to discuss the relationships between the early Paleozoic crustal anatexis and the intraplate Wuyi-Yunkai orogen.
Geologic setting and sampling
The South China block consists of the Yangtze block in the northwest and the Cathaysia block in the southeast (insert of Fig. 1 ): these two blocks were amalgamated roughly along the Jiang Shao Fault zone in early Neoproterozoic time (Charvet et al., 1996; Chen and Jahn, 1998; Zhao and Cawood, 1999) . The Nanhua Rift (or the Nanhua rift basin) developed in the newly amalgamated South China block from 850 to 750 Ma (Charvet et al., 2010; Li et al., 2005; Wang and Li, 2003) , evolved with a thick sedimentation in its middle part until the Ordovician. The early Paleozoic Wuyi-Yunkai orogeny closed the Nanhua Rift (Z.X. Li, 1998; Li et al., 2003; Wang et al., 2007) . This orogen covers the southeastern half of the South China block, stretching for~2000 km in a northeasterly direction (Fig. 1 , Ren et al., 1999) . Due to the lack of early Paleozoic ophiolitic rocks or arc magmatism (Charvet et al., 1996; Shu et al., 1991) , the Wuyi-Yunkai orogen is generally regarded as an intraplate orogen (Charvet, 2013; Wang et al., 2011) . This is compatible with the geochemical signatures of the early Paleozoic granites, which have little evidence for input from a subducting oceanic plate (Chen and Jahn, 1998; John et al., 1990) . The Yunkai uplift is a part of the Wuyi-Yunkai orogen and is located in the western Cathaysia block (Fig. 1) . It consists dominantly of Neoproterozoic to early Paleozoic Yunkai supracrustal rocks, early Paleozoic granites, late Paleozoic rocks, Mesozoic granites and minor Cenozoic-Mesozoic sediments (Fig. 2, Wan et al., 2010 and reference therein) . The Yunkai supracrustal rocks are made of the Gaozhou Complex and the Yunkai group. The Gaozhou Complex is composed of charnockites, garnet-cordierite granulite enclaves and biotiteorthopyroxene granulite enclaves, Al-rich gneisses (such as sillimanitegarnet-cordierite gneisses, garnet-sillimanite-biotite gneisses, biotiteplagioclase gneisses and andalusite-bearing gneisses), orthogneiss and gneissic migmatites (Fig. 3 , Chen et al., 2012) . The charnockites and gneissic migmatites are located in the core of the Complex, and the margins are composed of gneisses, ranging from high-grade (granulite-facies with mineral assemblages of Grt-Crd and Sil-Kfs) to relatively low-grade metamorphic zones (amphibolite-facies with assemblage of Grt-Bt) (Chen and Zhuang, 1994) .
The major exposure of charnockites enclosing elongated enclaves of Bt-Opx granulite is located in the Longxiu-Yunlu section of the Gaozhou area, ca 4-5 km south of the Gaozhou Reservoir, as a lenticular body (~11 km 2 ) in the surrounding orbicular gneissic migmatites (Fig. 3 ). Due to thick vegetation, it is difficult to find the exact contact relationships between charnockites (i.e. samples GZ0301, GZ0302 and GZ0303) and gneissic migmatites (i.e. samples GZ0304, GZ0307, GZ0701, GZ0703 and GZ0705). The orthogneisses and associated Grt-Crd granulites are found to the south and east of the Gaozhou Reservoir. Some alternating layers of marble and skarn occur between the charnockite and the orthogneiss. Al-rich gneisses including Bt-Pl gneiss (i.e. samples GZ0101 and GZ0102) and Grt-Sil-Bt gneiss (i.e. sample GZ0201) are distributed to the west of the charnockite body and contain different proportions of migmatization leucosomes. Frost and Frost (2008) suggested that the term "charnockite" be restricted to an Opx-(or Fayalite-) bearing granitic rock that is clearly of igneous origin or that is present as an orthogneiss within a granulite terrane. This definition also included Opx-bearing granitoids that are clearly igneous and those where the origin of the Opx is uncertain (metamorphic or magmatic). Microstructures consistent with partial melting are present in the Yunkai charnockites, gneissic migmatites and Grt-Sil-Bt gneisses. Detailed descriptions are given below.
Petrography

Charnockite
The charnockites (GZ0301 and GZ0302) are mainly composed of quartz (Qz,~25%), plagioclase (Pl,~25%), K-feldspar (Kfs,~15%), biotite (Bt,~10%), orthopyroxene (Opx,~15%), garnet (Grt,~5%) and minor accessory minerals (e.g. apatite, zircon, xenotime, monazite and ilmenite). Both melt-producing and melt-consuming reactions can be identified by the petrography.
The Pl crystals tend to be rectangular, and locally they have straight boundaries against Qz (Fig. 4a) , which indicates that they crystallized from a melt (Brown, 2002; Sawyer, 2001 Sawyer, , 2008 . The K-feldspar occurs as large (2-6 mm) euhedral to subhedral crystals that contain inclusions of Qz and Pl. Small Qz grains and a vermicular intergrowth of Qz + Pl fill the rest of the interstitial space (Fig. 4b) . The euhedral Opx is large (~3-5 mm) and contains rounded inclusions of Qz (Fig. 4c) . In contrast, grains of Opx in the Bt-Opx granulite enclave (Chen et al., 2012) associated with this charnockite are small (~0.3 mm). Therefore, the Opx in charnockites is interpreted as a product of the partial-melting reaction, not as inherited residual grains. The Grt also contains inclusions of Qz and is almost completely surrounded by a very narrow rim of small crystals of Qz (Fig. 4d) . Like the Opx, the Grt and Kfs are interpreted to be the products of the incongruent melting reactions (melt-producing reactions): Bt + Qz + Pl = Opx + Kfs + melt, and/or Bt + Qz + Pl + Sil = Grt + Kfs + melt. The granitic part of the neosomes is interpreted to have been derived from the crystallization of anatectic melt and can be viewed as an in situ leucosome. In contrast, the Opx, Bt and Grt are interpreted as the solid products of the partial melting reactions, and represent the residuum portion of the neosome.
A symplectite (Sym) of Qz + Bt replaces both Opx ( Fig. 4e and f) and Grt (Fig. 4g ). This microstructure is interpreted to be the result of a later reaction between Grt/Opx and the remaining melt such as Opx + melt = Qz + Bt and Grt + melt = Qz + Bt (Kriegsman, 2001) .
In addition, a later reaction rim of Grt 1 + Qz is developed between the boundaries of Bt/Opx and Pl ( Fig. 4f and h ). Grt 1 of the reaction rim has lower contents of MgO (X Mg = 0.615-0.654) than the coarse-grained Grt (X Mg = 0.58-0.589) (Chen and Zhuang, 1994) , suggesting that the Grt 1 + Qz reaction rim records lower temperatures than the Grt produced through the melt-producing reactions. Bt also encloses the remaining unreacted elongate Pl (Fig. 4h ). This reaction rim is interpreted as a local partial re-equilibration under fluid-absent conditions, through reactions such as Anorthite (An) + Opx = Grt 1 + Qz and An + Bt = Grt 1 + Qz + Kfs.
Gneissic migmatite
Gneissic migmatites (GZ0307 and GZ0705) are composed of Pl (~40%), Qz (~30%), Kfs (~15%) and Bt (10-15%). Compared with charnockite, the gneissic migmatite (without Opx) has a relatively high content of Kfs and Bt. The equants, subhedral to euhedral crystals of Pl form a framework of touching crystals (Fig. 5a ). The interstices in the framework of Pl crystals are filled with Qz and Kfs ( Fig. 5a and b) . The bulk composition of a plagioclase-rich portion can be modeled as derived by the fractional crystallization of an anatectic melt of granitic composition (Sawyer, 2008) .
Al-rich gneiss
This lithology includes Bt-Pl gneiss and Grt-Sil-Bt gneiss. Bt-Pl gneiss (i.e. sample GZ0101) mainly consists of fine-grained Qz (32%), Pl (27%), Bt (23%), muscovite (Ms, 8%), sillimanite (Sil, 5%) and Kfs (5%). It contains crystals of Bt arranged in a systematic imbricate or tiled pattern, with long axes at a low angle (Fig. 5c) . Some of the Ms (> 1.5 mm) and Qz contain Fi (fibrous sillimanite) (Fig. 5d) .
Grt-Sil-Bt gneiss (i.e. sample GZ0201) mainly consists of fine-grained Qz (38%), Bt (20%), Sil (20%), Grt (7%), Kfs (10%) and Pl (5%). It has a gneissic structure defined by millimeter-thick layers of prismatic Sil + Bt (Fig. 5e ), which define a discontinuous foliation, alternating with leucocratic layers several millimeters thick consisting of Qz ± Kfs ± Pl (Fig. 5f ). Grt porphyroblasts (1-2 mm) are generally enveloped by the discontinuous foliation. In the leucocratic layers, Qz occurs as elongated ribbons. The significant melt-producing reaction in the Grt-Sil-Bt gneiss is the dehydration melting of muscovite. This reaction is responsible for the increase of the melt, according to Ms + Qz + Pl = Sil + Kfs + melt and the muscovite has disappeared (Spear et al., 1999) .
Analytical methods
Cathodoluminescence (CL) imaging, U-Pb dating (Table 1) and trace element analyses (Table 2) . Back-scattered electron (BSE) images and photomicrographs illustrating the textures observed in Yunkai charnockites. a: euhedral plagioclase and intersertal quartz inferred to record crystallization from a melt; b: the crystal framework consists mostly of euhedral to subhedral plagioclase and K-feldspar, and the smaller quartz and a vermicular intergrowth of Qz + Pl fill the rest of the interstitial space; c: the large euhedral Opx (~3-5 mm) contains rounded inclusions of quartz, representing the product of incongruent melting; d: the Grt is surrounded by a very narrow rim of small crystals of quartz; e and f: the reaction between the Opx and remaining melt or H 2 O that formed the symplectite (Sym) of Bt + Qz; g: radiating clusters of Bt + Qz symplectitic intergrowth replace the Grt; h: the later reaction rim of Grt + Qz between the Opx/Bt and Pl.
State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences (Wuhan). The CL images were collected on a JXA-8100 electron microscope. Laser sampling was performed using a GeoLas 2005 laser ablation system. An Agilent 7500a ICP-MS was used to acquire ion-signal intensities. The laser ablation used a beam diameter of 32 μm and detailed operating conditions for the laser ablation system and the ICP-MS instrument and data reduction are the same as described by Y.S. . Off-line selection and integration of background and analyzed signals, and time-drift correction and quantitative calibration for trace element analyses and U-Pb dating were performed by ICPMSDataCal (Y.S. . Common-Pb corrections and ages of the samples were calculated using ComPbCorr#3_17 (Andersen, 2002) . Concordia diagrams and weighted mean calculations were made using Isoplot/ Ex_ver3 (Ludwig, 2003) .
Hf-isotope analyses were performed using a Resonetics Resolution M-50 193 nm laser ablation system, attached to a Nu Plasma HR multicollector inductively coupled plasma mass spectrometer (MC-ICPMS) Yb ratio of 0.5886 (Chu et al., 2002 Lu ratio of 0.02655 (Machado and Simonetti, 2001) . External calibration was made by measuring zircon standard 91500 and GJ-1 for the unknown samples during the analyses to evaluate the reliability of the analytical data. Calculated model ages (Table 3) are based on the depleted-mantle model described by Griffin et al. (2000) .
Major-element compositions of whole rocks (Table 4) were analyzed by traditional X-ray fluorescence (XRF) methods using a Shimadzu Sequential 1800 spectrometer at the State Key Laboratory of Geological Processes and Mineral Resources. Sixty-three standards were used to construct the calibration curves. During the digestion of the standards and samples, 0. . Back-scattered electron (BSE) images and photomicrographs illustrating the textures observed in gneissic migmatite (GZ0307 and GZ0705), Bt-Pl gneiss (GZ0101) and Grt-Sil-Bt gneiss (GZ0102). a and b: the quant, subhedral to euhedral crystals of plagioclase form a framework, and the interstices are filled with Qz and Kfs in gneissic migmatite; c: biotite with long axes at a low angle arranged in a systematic, imbricate or tiled manner in Bt-Pl gneiss; d: the Ms and Qz contain fibrous sillimanite in Bt-Pl gneiss; e and f: the millimeter thick prismatic Sil + Bt ± Grt layers alternating with leucocratic layers several millimeters thick consisting of Qz ± Kfs ± Pl in Grt-Sil-Bt gneiss. and then a glass bead was made after fusion in a high frequency melting furnace for 11 min at~1050°C in Pt 95 -Au 5 crucibles. Typical analytical times for each element were 50-80 s with current of 70 mA and voltage of 40 kV. The loss-on-ignition (LOI) was measured on dried rock powder by heating in a pre-heated corundum crucible to 1000°C for 90 min and recorded the percentage weight loss. The In spot ID: c, core; r, rim. Zoning: O, oscillatory; P, patchy; W, weakly; N, none. Shape: R, rounded; I, irregular; S, subhedral; E, euhedral. C*: concordance degree. detailed analytical methods and the analytical precision and accuracy for major elements are as described by Ma et al. (2012) .
Results
Zircon morphology and internal structure
Zircon grains from charnockites (samples GZ0301 and GZ0302) are light purple to transparent, and show morphologies ranging from euhedral (Fig. 6a) , through subhedral (Fig. 6b) to anhedral (Fig. 6c) . Their lengths range from 105 to 350 μm with length/width ratios of 1.0-3.5. Some grains have clear core-rim structures with irregular and sharp boundaries (Fig. 6d) , suggesting that the rims are overgrowth domains. The cores exhibit oscillatory or planar zoning. The rims show either oscillatory zoning or no zoning. Zircons without core-rim structure have oscillatory (Fig. 6e) or weak zoning.
Zircons obtained from gneissic migmatites GZ0307 and GZ0705 are colorless and transparent. They are euhedral (Fig. 6f ) to subhedral ( Fig. 6g ) and 115-370 μm long with length/width ratios of 1.0-1.9. Several grains show core-rim structures. Their cores mainly show weak zoning with minor weak oscillatory zoning (Fig. 6h) . Their rims have oscillatory zoning (Fig. 6i) or relatively bright luminescence without zoning. Some grains without core-rim structure also have evident magmatic oscillatory zoning (Fig. 6j) . Zircons in Bt-Pl gneisses GZ0101 and GZ0102 are light yellow to colorless, and transparent. These grains are mainly subhedral (Fig. 6k) to anhedral (Fig. 6l) and range from 120 to 250 μm with length/width ratios of 1:1 to 2:1. Their cores show mainly weak zoning (e.g. Fig. 6m and n) with minor oscillatory zoning (e.g. Fig. 6o ). The corresponding rims have relatively bright luminescence with weak oscillatory zoning. The other grains without core-rim structures show dark oscillatory zoning. and 462-416 Ma (n = 14) (Fig. 7a) . The last population includes three groups at 439 ± 2 Ma (MSWD = 0.59, n = 10), 460 Ma (n = 2) and ca 420 Ma (n = 2). The Neoarchean age (2841 Ma) is from the irregular core of a subhedral grain ( Fig. 6b) with Th/U ratios of 3.6. The Mesoproterozoic ages are from the grain with core-rim structure. The Neoproterozoic ages are from the cores of five grains including GZ0301-2 (959 Ma), -9 (586 Ma), -11 (705 Ma), -13 (932 Ma), and -16 (872 Ma). The rims of these grains give Neoproterozoic to early Paleozoic ages (661-440 Ma). Nineteen U-Pb ages were acquired from GZ0302. They include two concordant Neoproterozoic ages (798 Ma in GZ0302-1 and 586 Ma in GZ0302-16c) and a major group of early Paleozoic ages with a weighted mean 206 Pb/ 238 U age of 439 ± 4 Ma (MSWD =3.8, n = 13) (Fig. 7b) . Grain GZ0302-1 has very low Th/U ratio of 0.05. The rim of grain GZ0302-16r gives an early Paleozoic age of 440 Ma. The oldest zircon (GZ0302-18), with oscillatory zoning (Fig. 6c) Fig. 6i ), 634 Ma (-6r), and a main group of early Paleozoic ages with a weighted mean of 437 ± 4 Ma (MSWD = 2.1, n = 8) (Fig. 7c) . The oldest grain GZ0307-7 (Fig. 6g) GZ0307-3 has a similar age to GZ0307-8r which yields an age of 241 ± 3 Ma.
Zircon U-
The ages of GZ0705 are also mainly early Paleozoic with a minor Neoproterozoic population (Fig. 7d) . The early Paleozoic zircons include two groups with ages of 456 ± 3 Ma (MSWD = 0.8, n = 6) and 438 ± 4 Ma (MSWD = 2.2, n = 9). Neoproterozoic ages (926-547 Ma) were obtained from three grains, GZ0705-5 (c and r), GZ0705-1c and GZ0705-4.
Bt-Pl gneiss
GZ0101 shows ages from Paleoproterozoic to mainly early Paleozoic (Fig. 7e) . Grain GZ0101-9 gives a Paleoproterozoic age of 1737 Ma in the core and an early Paleozoic age of 450 Ma in the rim (Fig. 6m) . Ten grains yielded Mesoproterozoic (1514 -1141 to ages. Four of them (-21r, -4r, -7r and -18r) display core-rim structure and have ages of 462-422 Ma in their rims. The early Paleozoic ages consist of three groups, 458 ± 5 Ma (n = 3), 442 ± 4 Ma (n = 3) and 425 ± 5 Ma (MSWD = 1.5, n = 6).
Twenty-two analyses from sample GZ0102 are near-concordant (Fig. 7f) . GZ0102-15 yields the oldest age of 2375 Ma on the weakly zoned core (Fig. 6l) 
Zircon trace elements
Zircons in the charnockites, gneissic migmatites and Bt-Pl gneisses have relatively high Th/U rations (usually > 0.20) (Fig. 8) . The early Paleozoic grains show a large range of Th/U ratios and this range gradually decreases from the charnockites (1.09-0.20), through gneissic migmatites (0.77-0.08) to the Bt-Pl gneisses (0.57-0.01). In the plot of (Yb/Gd) N vs Th/U, early Paleozoic zircons in the charnockites (Fig. 8a ) and gneissic migmatites (Fig. 8b) have (Yb/Gd) N rations > 10, and define an inversely correlated asymptotic trend, suggesting they crystallized from an evolving magma (Wooden et al., 2006) . The zircons from the Bt-Pl gneisses show much more scatter, and no obvious trend; most of the early Paleozoic grains also show (Yb/Gd) N values higher than 10 (Fig. 8c) .
Most zircons from charnockites GZ0301 (Fig. 9a) and GZ0302 (Fig. 9b) are characterized by a steeply-rising slope from the LREE to the HREE with a positive Ce anomaly and clear negative Eu anomaly (Eu* = 0.01-0.35), suggesting that they crystallized in the presence of a melt. In addition, two zircons (GZ0302-16c and -18) with ages older than early Paleozoic have slightly negative Eu anomalies and low HREE contents compared to the early Paleozoic grains (Fig. 9b) .
Zircons from gneissic migmatites GZ0307 (Fig. 9c) and GZ0705 (Fig. 9d ) also show enrichment in HREEs and apparent negative Eu anomalies (Eu* = 0.02-0.36), except for GZ0307-3 and -11, which have moderate Eu anomalies (Eu* = 0.32 and 0.49). The Indosinian metamorphic zircon GZ0307-3 with dark zoning has relatively flat HREE patterns (Fig. 9c) and low (Yb/Gd) N = 1.98 and Th/U = 0.01 (Fig. 8c) , implying it recorded a later metamorphism at ca 241 Ma.
As in the charnockites and gneissic migmatites, most zircons from Bt-Pl gneisses GZ0101 and GZ0102 show enrichment in HREE and clear negative Eu anomalies (Eu* = 0.03-0.29), except two grains, GZ0101-7 (Fig. 9e ) and GZ0102-5 (Fig. 9f) , which have moderate Eu anomalies varying from 0.46 to 0.44.
Zircon Hf isotopes
All the early Paleozoic zircons from the charnockites have negative ε Hf (t) values (−16.2 to −5.7), and give T DM (depleted mantle Hf model ages) = 1.7-1.3 Ga and T CRUST (crustal Hf model ages) = 2.4-1.8 Ga (Fig. 10) . The oldest grain GZ0301-4c with a Neoarchean age (2841 Ma) has a positive ε Hf (+9.4), and similar T DM of 2.7 Ga. Three grains with Mesoproterozoic ages (1404-1242 Ma) have ε Hf (t) values from −8.7 to +4.1 and show T DM = 2.2-1.7 Ga and T CRUST = 2.7-1.9 Ga. The ε Hf (t) values of the Neoproterozoic zircons are negative (−19.0 to −1.6) with T DM = 1.9-1.4 Ga and T CRUST = 2.7-1.8 Ga.
Like 1.3 Ga. Two late Paleozoic metamorphic zircons (GZ0307-3 and 8r) give ε Hf (t) values of − 7.6 and − 13.7 with T CRUST = 1.7 Ga and T CRUST = 2.2 Ga, respectively. The early Paleozoic zircons from the Bt-Pl gneisses range in ε Hf (t) from − 34.1 to − 1.5, corresponding to a large spectrum of T DM (1.1-2.4 Ga) and T CRUST (3.6-1.5 Ga). The oldest grain with a Paleoproterozoic age (2375 Ma) gives a very high ε Hf (+15.2), and corresponds to similar T DM = 2.1 Ga and T CRUST = 2.0 Ga. The 1.8-1.2 Ga zircons have variable ε Hf (t) ranging from + 11.5 to − 0.9 and give T DM = 2.2-1.3 Ga and T CRUST = 2.4-1.3 Ga. One of them with a 207 Pb/ 206 Pb age of 1291 Ma yields a very high ε Hf (+11.5) with similar T DM (1.3 Ga). The 841-533 Ma zircons also show variable ε Hf (t) values from + 9.0 to − 14.5, corresponding to T DM = 1.9-1.0 Ga and T CRUST = 2.6-1.1 Ga.
Whole-rock major elements
The charnockites (GZ0301, GZ0302 and GZ0303) have similar major-element compositions, with SiO 2 (65-64 wt.%), Al 2 O 3 (15.2-14.9 wt.%), CaO (4.24-4.05 wt.%), Na 2 O (2.8-2.5 wt.%) and K 2 O (1.7-1.6 wt.%). The gneissic migmatites (GZ0304, GZ0701 and GZ0705) have higher SiO 2 (72-68 wt.%) and K 2 O (4.8-3.0 wt.%) contents than the charnockites. The charnockites and the gneissic migmatites are both peraluminous as indicated by the alumina saturation index values (i.e. A/CNK > 1.0; Fig. 11a ). These geochemical features are consistent with those of rocks from the Yunkai uplift reported by You et al. (1994) and Peng et al. (2006) . In a plot of FeO T /(FeO T + MgO) vs SiO 2 , they are magnesian (Fig. 11b) 14.4-8.6 wt.%), CaO (1.7-0.6 wt.%) and K 2 O (3.9-1.9 wt.%). They are strongly peraluminous with A/CNK > 1.1.
Discussion
Nature and source of protoliths
All the investigated rocks, including charnockites, gneissic migmatites and gneisses, are peraluminous. Combined with the mineral assemblages, this suggests that their protoliths were (meta-) sedimentary rocks. Inherited or detrital zircons from these rocks give a wide range of ages (2.8-0.4 Ga, Figs. 6 and 7) and have widely variable Th/U ratios (0.12-1.31, Fig. 8 ). Most of them have negative Eu anomalies and enriched HREE patterns (Fig. 9) , suggesting that they are grains of magmatic zircon (Corfu et al., 2003) .
One concordant zircon core (GZ0301-4c) as old as 2.8 Ga with juvenile Hf-isotope compositions (2.7 Ga T DM ) was obtained from the charnockite. The 2.5-2.4 Ga zircons from our samples have ε Hf (t) values ranging from + 1.2 to +15.2 and T DM of 2.8-2.1 Ga, reflecting juvenile crustal growth at this time. Mesoproterozoic to Paleozoic zircons (1.4-0.45 Ga) have strongly negative ε Hf (t) = − 34.1 to − 8.3 and give neo-Mesoarchean T CRUST = 3.6-2.5 Ga. These data suggest the presence of Archean components beneath the Yunkai uplift. In addition, a large number of inherited and detrital zircons with U-Pb ages of > 2.5 Ga were reported from rocks in the Yunkai uplift, including granitoids (Wan et al., 2010) , two-mica gneiss and paragneissic enclaves from the Gaozhou area (Wang et al., 2011) , gneiss from the Luoding area (Yu et al., 2010) , and biotite paragneiss from the Xinyi area (Fig. 2) . Similar old components are also recorded by the zircon xenocrysts in the Cenozoic Pingnan basalts and the Mesozoic Pingle minettes; these xenocrysts were derived from deep crust in the Guangxi area of the western Cathaysia block, 180-250 km north of the Yunkai uplift (PL, XLD and ST in Fig. 1 ; Zheng et al., 2011) . All these observations combined with the zircon data from the mafic xenoliths and their host basalts near Daoxian (DX, Fig. 1a) suggest that Archean components (~3.6 Ga) are widespread in the Cathaysia block, and experienced complex crustal accretion and reworking from Neoarchean time onward (Fig. 10) . Although a few Neoarchean outcrops have been reported within the Cathaysia block, the granulite (Yu et al., 2005) , amphibolite (X.H. Li et al., 1998) , granitoids (Ding et al., 2005) and gneiss (Xu et al., 2005; Yu et al., 2007) have provided evidence of Archean relics. The oldest known rock in the Yangtze block is a ca 3.3 Ga trondhjemitic gneiss located in the north of the Kongling terrain . Combined with the occurrences of these Archean "windows", we thus consider that the South China block is likely to be an old continent. It underwent major juvenile crustal additions at ca 3.3-3.2 Ga, ca 2.9 Ga, ca 2.7-2.6 (e.g. Chen et al., 2013 and this study) . In comparison, the North China block shows widespread Archean rocks dating back to ca 3.8 Ga and experienced major crustal growth at ca 2.8-2.7 Ga (e.g. Geng et al., 2012) . These data suggest that the South China block and the North China block have distinct histories of crustal formation and evolution.
The Mesoproterozoic 1.5-1.25 Ga zircons with variable Hf isotopic compositions (ε Hf = − 8.7 to + 11.5 and T DM = 2.2-1.3 Ga) from Bt-Pl gneisses and charnockites imply a Mesoproterozoic reworking of the ancient crust with some addition of juvenile material around 1.3 Ga. Some detrital zircons with ages of 1.5-1.25 Ga from the North River in the western Cathaysia block show lower ( 176 Hf/ 177 Hf) i and yield Archean model ages, consistent with their Neoarchean protolith; others suggest juvenile addition . This is also demonstrated by the occurrence of the ca 1430 Ma granodiorites in Hannan Province in the southern Cathaysia block (Z.X. . The ca 1.5 Ga mafic intrusions (dominantly gabbros) which have been identified in western Yangtze block probably reflect magmatism related to the break-up of the supercontinent Nuna/Columbia .
Zircons with ages of 1.2-0.9 Ga give a large range in ε Hf (t) values (+ 10.2 to − 18.4) and T DM = 1.9-1.1 Ga and T CRUST = 2.3-1.2 Ga, suggesting a tectono-thermal event that involved both re-melting of ancient crust and the addition of juvenile material. It is supported by the high positive ε Hf (t) (up to + 10.5) values of Neoproterozoic zircons from gneissic granite and the Luoding Gneiss in the Yunkai area (Wang et al., 2011; Yu et al., 2010) . This inferred event is related to the formation of the South China block by welding of the Yangtze and Cathaysia blocks along the Proterozoic structure zone ( Fig. 1 ; Jiangnan orogen), which also led to Neoproterozoic magmatism and metamorphism (keratophyre, rhyolite, granodiorite, tuff, ignimbrite, glaucophane schist and granitic gneiss) in the South China block (Chen et al., 2009; Li et al., 2009; Shu et al., 1994; Wang et al., 2008; Ye et al., 2007; Zhang et al., 2007, Table A.1) . The radiogenic Hf and Nd signatures of the granitoids in the Jiangnan orogen also reflect incorporated juvenile arc crust and document crustal growth in southern China at ca 900 Ma. These granitoids, which are widely regarded as the products of orogenesis that primarily recycled evolved crust, recorded important information about early crustal growth (X.L. . Seven zircons with ages of 850-750 Ma show variable ε Hf (t) values (−18.4 to +9.0) and have T DM = 1.9-1.0 Ga and T CRUST = 2.6-1.1 Ga, suggesting the further reworking of the old crust during this period (Fig. 10) . This age corresponds to the deposition of major sedimentary sequences in the Nanhua Rift, reflecting the extensional tectonic environment in the South China block (e.g. Li et al., 2003; . It is also consistent with the presence of ca 820 Ma bimodal volcanic rocks at Mamianshan in the Cathaysia block, consistent with an extensional setting (Li et al., 2005) . This extension may reflect the ca 850 Ma mantle plume beneath the South China block, which induced both the development of the Nanhua Rift and coeval intraplate magmatism . There is no apparent juvenile input in our samples at this time, which may indicate that the felsic rocks were generated by partial melting of more mafic protoliths.
Pan-African ages are recorded by thirteen zircons from charnockites, migmatites and Bt-Pl gneisses. These grains have ε Hf (t) values from −24.0 to +3.8, indicating the reworking of the old crustal components during these times (Fig. 10) . More and more Pan-African ages have recently been identified in the Cathaysia block (Shu et al., 2011; Xu et al., 2007) , perhaps related to the amalgamation of the east Gondwana supercontinent (Yu et al., 2010 (Yu et al., , 2012 .
Early Paleozoic high-T granulite facies anatexis in the Yunkai uplift
Detailed petrographic studies reveal that the Gaozhou Complex has undergone dehydration melting of biotites and muscovites (Figs. 3 and 4) . In the Grt-Sil-Bt gneiss (e.g. GZ0201) Kfs is associated with Sil and Qz (Fig. 5f ) and falls in the Grt + Bt + Sil + Kfs + melt stability field of the pressure-temperature diagram, which suggests that it experienced medium-P, high-T conditions (Spear et al, 1999) . The melts (leucocratic layers in the gneisses, Fig. 5e ) were produced through the dehydration melting reaction Ms + Pl + Qz = Sil + Kfs + melt (Spear et al, 1999) ; Ms has disappeared and minor Pl remains in this sample. Migmatites in this area were formed at temperature up to 712°C and P = 5.0-6.9 kbar (Zhou et al., 1997; Table A.2) . The Bt-Opx granulite enclaves were also probably formed by the prograde dehydration melting of biotite (Chen et al., 2012) .
The Opx-Bt and Opx-Grt-Pl-Qz thermobarometries of the granulite enclaves indicate that the peak granulite facies metamorphism reached T = 775-822°C and P = 6.0-6.9 kbar (Chen and Zhuang, 1994, Table A .2). Our observations suggest that the charnockites record the dehydration of biotite (or melt-producing reactions, such as Bt + Qz + Pl = Opx +Kfs + melt, Bt + Qz + Pl + Sil = Grt + Kfs + melt) ( Fig. 4a-d) . The Opx-Grt and Opx-Grt-Pl-Qz thermobarometries in the charnockites indicate that partial melting occurred at T = 807-836°C and P = 5.2-5.3 kbar (Chen and Zhuang, 1994, Table A.2 ). The petrography also shows melt-consuming reactions (such as Opx + melt =Qz + Bt and Grt + melt = Qz + Bt) (Fig. 4e-h , Sawyer, 2008) . It has been documented that if no melt is lost, the anhydrous granulitic assemblages are prone to extensive retrogression during cooling, and hydrous assemblages will develop through back-reactions involving the crystallization of melt (Groppo et al., 2012) . This supports the idea that there was no melt lost from the charnockites, which represent nearly in situ partial melting processes. In contrast, abundant plagioclase-rich volumes were found in the gneissic migmatites ( Fig. 5a and b) , suggesting that more melts were produced that did segregate from the source rocks. As all of these rocks are products of the early Paleozoic orogenesis (Chen et al., 2012; Wan et al., 2010; Wang et al., 2011) , we consider that the Gaozhou Complex experienced early Paleozoic regional medium pressure, high-T granulite facies metamorphism and anatexis.
Zircon usually grows as a result of melt crystallization and reflects ages slightly later than the peak of the granulite facies (Kelsey et al., 2008) . The euhedral oscillatorily-zoned rims on zircons from the charnockites, gneissic migmatites and gneisses have variable Th/U (Fig. 8) and show steeply-rising REE patterns with a positive Ce anomaly and clear negative Eu anomaly (Fig. 9) ; these features strongly suggest that they (re-) crystallized from crustal melts. Zircons from charnockites (GZ0301 and GZ0302) give a weighted mean 206 Pb/ 238 U age of 439 Ma ( Fig. 7a-b) . Zircons from the gneissic migmatites (GZ0307 and GZ0705) have similar ages at 438-437 Ma ( Fig. 7c-d) . Zircons from Bt-Pl gneisses (GZ0101 and GZ0102) are slightly younger than the charnockites and gneissic migmatites, and may record the timing of migmatization at 432-425 Ma ( Fig. 7e-f ). It has been argued previously that the granulite-facies metamorphism in the Gaozhou Complex occurred at ca 440 Ma, based on electron microprobe (EMP) dating of monazite in the Grt-Crd and Bt-Opx granulite (Chen et al., 2012) . Therefore, we suggest that the major partial melting in the Yunkai uplift could have started at ca 440 Ma and ended at ca 425 Ma. This is consistent with the magmatic and metamorphic zircon ages from the Gaozhou Complex, which range from 455 to 422 Ma (Wan et al., 2010) . The granitoids from the Wuyi and Yunkai areas also give zircon U-Pb ages of 457-415 Ma with a peak age of 436 Ma (Wang et al., 2011) . All these observations suggest that high-grade metamorphism and anatexis occurred during the same tectonothermal event in early Paleozoic time.
The early Paleozoic zircons from charnockites, gneissic migmatites and Bt-Pl gneisses give a large range of negative ε Hf (t) values from − 34.1 to − 1.5 with T DM = 2.4-1.1 Ga and T CRUST = 3.6-1.5 Ga (Fig. 10) , indicating that this event involved the extensive reworking of older crustal materials (> 1.5 Ga). The exposed area of over 20,000 km 2 underlain by metaluminous or peraluminous granitoids in the eastern South China block (R. Shu et al., 2008; Wang et al., 2007 Wang et al., , 2011 Y.J. Wang et al., 2013; Zeng et al., 2008) , testifies to widespread crustal melting in the early Paleozoic with relatively little input of mantle-derived magmas Wang et al., 2011) .
Constraints on the evolution of the intraplate Wuyi-Yunkai orogen
The Wuyi-Yunkai orogen covers more than half of the area of the Cathaysia block , and an understanding of its evolution needs to consider the nature of the basement in the Cathaysia block. The known exposed rocks of the Cathaysia block are mainly Neoproterozoic to Paleozoic, with minor Paleoproterozoic outcrops (e.g. Ding et al., 2005; Z.X. Li, 1998; Yu et al., 2005 Yu et al., , 2007 . However, this study suggests that the deeper crust of the Cathaysia block contains Archean materials as old as ca 3.6 Ga. Studies of detrital zircons from rivers and sedimentary rocks, and zircon xenocrysts from volcanic rocks Xu et al., 2007; Yu et al., 2010; Zheng et al., 2011) indicate that Archean basement also exists in the deep crust of the Cathaysia block.
A large database of Nd model ages (Chen and Jahn, 1998; Shen et al., 2007) , mainly from late Mesozoic magmatic rocks, shows that the Cathaysia block may have widespread Proterozoic basement. This is supported by zircon U-Pb dating and Hf isotope data from the Yunkai, Nanling and Wuyi areas (Fig. 1, e .g. Xu et al., 2005; Zeng et al., 2008) . Zircon SHIRMP dating (Ding et al., 2005) indicates that the protoliths of Tiantangshan garnet pyroxenites in the Yunkai area were formed in the Paleoproterozoic. The early Paleozoic zircons of the Yunkai charnockites and gneissic migmatites yielded ε Hf (t) = − 16.2 to − 3.5 and T CRUST = 2.4-1.7 Ga (with the peak at ca 2.1-1.8 Ga, Fig. 12 ), suggesting the reworking of the Paleoproterozoic (or older) basement. Zircon data from granites and surrounding rocks in the Nanling area reveal that the Lanhe felsic gneiss is an outcrop of Mesoproterozoic (1.5-1.3 Ga) basement (Xu et al., 2005) . According to the Hf crustal model ages (T CRUST ) for the Jurassic, Triassic and Ordovician granitic plutons, the Nanling area can be divided into three parts: eastern side (T CRUST = 2.2-1.6 Ga), middle part (T CRUST = 1.6-1.0 Ga) and western side (T CRUST = 2.2-1.8 Ga) (Shu et al., 2013) . The middle section partly coincides with the belt of low Nd model ages (Fig. 1) proposed by Chen and Jahn (1998) . Shu et al (2013) considered that the granite belt with low T CRUST is probably part of the early Neoproterozoic arc-continent collisional belt between different continents (possibly Yangtze and Cathaysia) during the early assembly processes. The Gaozhou Complex also records some juvenile materials during the Neoproterozoic (Fig. 10) . However, considering that the Yunkai area is located in the southeast of the belt with low Nd model ages (Fig. 1) , whereas our samples have relative high T CRUST (2.4-1.7 Ga) (Fig. 12) , the Yunkai area probably belongs to the western Cathaysia block, not to the belt of low Nd model ages. The metamorphic basement rocks in the Tianjingping in the Wuyi area (Fig. 1) were formed in the Paleoproterozoic, based on a SHRIMP U-Pb zircon isotopic age of 1766 ± 19 Ma obtained from amphibolites (X.H. Li et al., 1998) . Early Paleozoic Tianjingping migmatites were also regarded as products of the reworking of the Paleoproterozoic basement (Zeng et al., 2008) . Our study with the data collected from the Wuyi and Nanling areas suggests that there probably was a widespread Proterozoic to Archean basement beneath the Cathaysia block, and that this basement was reactivated to generate granitoids during later tectonothermal events such as the early Paleozoic (Caledonian) Wuyi-Yunkai orogeny.
The controversies about the nature of the Wuyi-Yunkai orogen are mainly focused on two views: collisional belt (Guo et al., 1989; Hsü et al, 1990; Li, 1993) versus intracontinental orogen (e.g. Charvet et al., 2010; Li and Powell, 2001; Wang et al., 2007) . In the last decade, based on the structural, petrological and geochemistry studies, it has become generally accepted that this orogen is an intraplate one, due to the shortening of the late Neoproterozoic continental Nanhua Rift (e.g. Charvet, 2013; Charvet et al., 2010; Faure et al., 2009; Shu et al., 2008) . However, there are different models for the early Paleozoic Wuyi-Yunkai orogen. Faure et al. (2009) suggested that a possible mechanism could be an intracontinental subduction, in which decollements accommodated the north-directed subduction of the Cathaysian continent. considered that the basinal sediments of the Nanhua Rift were buried to mid-crustal levels through NW-directed thrusting of the Cathaysia block during the Wuyi-Yunkai orogeny, and subsequently caused dehydration partial melting of the Proterozoic crust. Charvet et al. (2010) presented a model for a quasisymmetrical shortening of the earlier Nanhua rift, involving the inversion of some older normal faults. Although the structural patterns of the Wuyi-Yunkai orogeny are still debatable, it is suggested that the discrete thrust sheets closed the pre-existing Nanhua Rift, inducing crustal thickening and partial melting (Charvet, 2013 and reference therein). Crustal rocks (e.g. felsic or pelitic rocks) can melt at temperatures as low as b700°C if an aqueous fluid phase is present. Leucogranitic magmas that formed simply by crustal melting are likely to be water-enriched and therefore will not crystallize as charnockites (Frost et al., 2000) . However, it also has been demonstrated that granitoids (e.g. Ballachulish pluton in Scotland) can potentially contain Opx if they were hot and dry enough (Frost and Frost, 2008; Weiss and Troll, 1989) . The Yunkai charnockites record relatively high-T (>800°C) granulite-facies anatexis involving extensive fluid-absent melting of biotite at intermediate crustal depths. The later reaction rims in the charnockite were formed through the reactions An + Opx = Grt 1 + Qz and An + Bt = Grt 1 + Qz + Kfs (Fig. 4f and h ). This late Grt 1 + Qz reaction rim implies that the charnockites experienced near-isobaric cooling conditions after peak metamorphism under fluid-absent conditions, nearly in situ, at deeper crustal levels (Chen and Zhuang, 1994) .
Besides the petrological-geochemical approach, the structural analysis is relevant to discussions of the tectonic setting in the study area. The high-grade metamorphic rocks in the Yunkai uplift record a polyphase deformation, based on the field observations. The top-to-the-northwest ductile shear zones that develop at the dome margins are attributed to the early Paleozoic (470-410 Ma) D1 event, which has been considered as a synmigmatization extensional event or syngranite emplacement event . As the undeformed charnockite and weakly deformed migmatites are located in the central part of the dome in the Gaozhou Complex (Fig. 3) , they probably were not significantly affected by the ductile deformation. So far, it is also unclear whether the doming induced the local extension or the extensional setting impelled the dome emplacement. On the other hand, it has been reported that the early Paleozoic large thrust sheets or nappes were responsible for crustal shortening and thickening, possibly synchronous with a general strike-slip environment (Charvet et al., 2010) . The overthickened crust produced during collisional orogenesis may lead to high-T metamorphism and crustal anatexis (Brown, 1994) , such as the large-scale granitoid bodies formed by dehydration melting of micas and amphiboles in the Himalayan orogen (e.g. Aikman et al., 2008; Zeng et al., 2011) . Thus, synthesizing the petrologic features and geochemical data, we consider that melt production in the Gaozhou Complex was probably related to dehydration melting of muscovite and biotite, and was mainly caused by crustal thickening at ca 440-425 Ma through the shortening of the Nanhua Rift during intraplate Wuyi-Yunkai orogeny. The heat may have been produced mainly through the decay of radioactive elements in the sediment during crustal thickening , possibly with some residual heat from Neoproterozoic plume activity in the region (Li et al., 2005 , and either with or without the indirect influence of the upwelling asthenosphere and basaltic underplating Yao et al., 2012) . The P-T-t path in the Yunkai uplift needs improvement to provide further constraints on details of the relationships between crustal anatexis and the evolution of the intraplate Wuyi-Yunkai orogen. In addition, relatively little is known about the geodynamic process triggering this early Paleozoic intraplate orogeny. The forces at plate margins, which can be transmitted over thousands of kilometers into heterogeneous plate interiors (Dyksterhuis and Müller, 2008) , may be the one of the causes of the early Paleozoic intraplate crustal shortening in tectonically weak belts (such as Nanhua Rift) in the South China block.
Conclusions
1) The Cathaysia block contains old crustal components (ca 3.6 Ga) and experienced complex crustal modification including the addition of juvenile mantle-derived materials at ca 2.7 Ga, 1.6-1.2 Ga and 1.2-0.9 Ga, and the reworking of the old crustal components at ca Ma and more intensively at ca 440 Ma.
2) The Gaozhou Complex of the Yunkai uplift was formed through high-T dehydration of micas at ca 440-425 Ma, which was promoted by crustal shortening and thickening of the intraplate Wuyi-Yunkai orogen. 3) A widespread Proterozoic-Archean basement probably has existed beneath the Cathaysia block, and was intensively reworked to generate the early Paleozoic granitoids during the intraplate Wuyi-Yunkai orogeny.
